To compare waist circumference (a measure of central fatness) and body mass index (BMI, a measure of general fatness) between a contemporary cohort and similar aged British children measured in 1987. DESIGN: Comparative study of two cohorts. The first was a cross-sectional survey and the second an ongoing longitudinal survey. SETTING: The cross-sectional study was conducted throughout Great Britain during 1987. The ongoing longitudinal study was conducted in the Avon region between 1995 and 1998. PARTICIPANTS: A total of 1821 children were measured in the cross-sectional study, and around 1000 children were measured in the longitudinal study. Ages ranged between 2 and 5 y. MAIN OUTCOME MEASURES: Waist circumference, height, weight and BMI. Values were expressed as mean7s.d. Age-related measures were compared. RESULTS: At equivalent ages, mean waist circumference values were greater in the contemporary children, compared with children measured in the earlier cross-sectional study in 1987 (Po0.05). Although boys from the contemporary cohort had the larger absolute waist circumference measurements, the absolute and percentage differences in waist circumference between the cohorts were greater for the girls. Mean BMI values were slightly but significantly higher in the contemporary children compared with children measured in the earlier cross-sectional study (Po0.05). The proportional increase in waist circumference for each age-sex group generally exceeded the proportional increase in BMI. CONCLUSION: These results suggest that central fatness in young British children has increased over the period of 1987-97 to a greater extent than general fatness. This should be of concern since evidence associates greater central adiposity with adverse levels of cardiovascular risk factors in children. Furthermore, the study highlights important shortcomings of the BMI measurement, in that it provides no information on body fat distribution and can mask true obesity-related risk in children.
Introduction
The prevalence of overweight and obesity has increased in preschool children in the UK during the past decade 1,2 as well as in other parts of the modern world including the United States, Australia, Canada and Europe. [3] [4] [5] [6] This problem is not restricted to industrialized countries, and in some developing countries including parts of Latin America, the Caribbean and the Middle East, levels of preschool overweight and obesity are as high as in the United States. 7 This is of concern, as obese children are at an increased risk of becoming obese adults, 8 while overweight in childhood has been shown to be associated with morbidity and mortality in adulthood independently 1 of the effects of adult obesity. 9 Surveys of obesity prevalence in both adults and children have routinely used the body mass index (BMI) as the measure of excess fatness. However, there are a number of limitations associated with the use of BMI as a measure of paediatric obesity. While it is highly specific for obesity (ie it identifies few nonobese children as being obese), it has a low sensitivity (ie it fails to identify relatively large numbers of obese children and underestimates obesity prevalence by the creation of false negatives). 10 Furthermore, it gives no information about body fat distribution, which appears to be more relevant to health outcome than overall adiposity.
Indeed (as in adults), central adiposity in children has been related to risk factors for cardiovascular disease and type II diabetes mellitus, including increased blood pressure, an adverse blood lipid profile and raised fasting insulin levels. [11] [12] [13] [14] [15] [16] Increases in waist circumference will reflect both increases in visceral adiposity and increases in centrally located subcutaneous fat, both of which are associated with a number of adverse metabolic outcomes. This is of concern, as it has recently been shown in British youth aged 11-16 y that central adiposity, as measured by the waist circumference, has increased at a far greater rate than overall fatness (indicated by the BMI) over the past 10-20 y. 17 Although overall overweight and obesity (using BMI) in preschool children has increased over the last 10 y 1,18 there has been very little information on changes in central obesity over this period. In this paper, we now describe the changes in central adiposity during this time, by comparing waist circumference measurements taken from preschool children in the 1980s with the results from a longitudinal cohort study of growth conducted in the 1990s.
Subjects and methods
Anthropometric data were obtained from two separate studies. The first was a cross-sectional study conducted in 1987 for the British Standards Institution and on behalf of the UK clothing industry. 19 The second was a longitudinal cohort study of children residing in the southwest of England.
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British Standards Institute survey. The original survey was conducted by the HUMAG Research Group, Department of Human Sciences, University of Loughborough, where details of the sampling procedure are outlined. 19 Briefly, the locations across Great Britain were selected in order to represent the population of girls and boys in Great Britain at that time. In the original survey, a total of 10 235 children were measured aged between 0 and 16.9 y. For this study, anonymized data from all the children surveyed aged 2.0-5.0 y were selected for further analysis (n ¼ 1821).
Children in Focus study. This study formed part of the Avon Longitudinal Study of Parents and Children (ALSPAC), a geographically based cohort study investigating the factors influencing the health and development of children. 20 All pregnant women resident within a specified area of the county of Avon in southwest England with an expected date of delivery between April 1991 and December 1992 inclusive were eligible to take part. A proportion of the children born in the last 6 months of the study from June 6 to December 11, 1992 (equivalent to 10% of the whole cohort) were selected at random to take part in a substudy known as 'Children in Focus' (CIF). 21 Parents were invited to bring their children to research clinics approximately every 6 months at which a variety of physical and developmental measures were taken. Ethical approval for the study was obtained from the ALSPAC Ethics and Law Sub-Committee and from the three Medical Ethics Committees in the Avon study area. The data analysed in the current study were collected when the children were aged 31 months (approximately 2.5 y), 43 months (approximately 3.5 y), 49 months (approximately 4 y) and 61 months (approximately 5 y).
Response rate for CIF. For the 31-, 43-, 49-and 61-month clinics, the total numbers of children who attended and were measured were 1135 (87% of those invited), 1063 (85%), 1032 (86%) and 974 (around 80%). The number of boys measured at each age was greater than that of girls. The response rate information was not available for the British Standards Institute (BSI) study. The dates at which anthropometric data were collected for different age groups in the CIF were in 1995 for age 2.5 y, 1996 for age 3.5 y, 1996-97 for age 4.0 y and 1997-98 for age 5.0 y.
Ethnicity and socio-economic status. In both surveys, all racial groups were measured but the number of children in non-white ethnic groups was small and did not fully reflect the non-white population of the UK (approximately 5% of both cohorts). In the BSI survey, socio-economic status (SES) was disregarded, although mixtures of urban, rural and regional populations were sampled. For CIF, SES was broadly representative of the British population with a tendency towards slightly higher participation rates at the more affluent end of society. 20 For example, compared to the population ever invited to CIF, those attending at 25 months had 9.4 vs 12.2% living in council accommodation and 12.1 vs 16.1% of mothers whose highest educational qualification was CSE or less. At 25 months, 12.3% of the children had fathers with social class I, and 11.2% had fathers with social classes IV and V.
Anthropometry
For the purposes of this study, the anthropometric measurements taken were weight, height and waist circumference. In both surveys, height was measured in bare feet to the nearest 0.1 cm using a Leicester height measure with the head in the Frankfurt plane. 22 Weight was recorded to the nearest 100 g with the child wearing only underwear (CIF) or a swimming costume (BSI). 19, 20 Waist circumference was measured midway between the 10th rib and the iliac crest with the subjects in the standing position, recorded at the end of a gentle expiration. A flexible elastic-ended tape was used to take waist circumference measurements in the BSI study. A Babytape (Child Growth Foundation, London) was used in the CIF at 31 months and a Holtain anthropometric tape was used at subsequent ages. Waist circumference measurements were recorded, in duplicate, to the nearest millimetre. BMI Waist circumferences in children HD McCarthy et al was calculated as weight in kilograms divided by height in metres squared. Children in the BSI study were measured at any point within the year during which they were nominally an age; for example, the category of 3-y-old children includes children aged 3.0-3.99 y and the category of 5-y-old children includes those aged 5.0-5.99 y. In the CIF study, all the children attended each clinic as near as possible to a specific age in months; thus, over 90% of the children described as 3.5-y-old were measured within 3 weeks of the age 43 months, over 90% of the children described as 5-y-old were measured within 3 weeks of the age of 61 months, etc. The CV for repeated waist measurements at 25 and 49 months in the CIF study was 2%. There was no information available on the repeatability of waist measurements in the BSI study.
Statistical analyses
All data were analysed using SPSS for Windows Version 10.0. Means, medians and other descriptive statistics were used to initially assess the data and check for deviations from normality. All analyses were carried out separately for boys and girls. Unpaired Student's t-tests were used to assess statistically the differences in variables between the two studies. Mean difference and percentage differences between anthropometric measures from both studies were calculated, where the percentage difference was calculated using the following formula: difference in waist measurement ðcmÞ mean BSI waist measurement ðcmÞ Â100:
Results Table 1 shows comparisons of descriptive statistics for waist circumference for children in the CIF and BSI surveys. Both mean and median waist circumference values increased with age for both study groups. The CIF cohort had larger mean waist circumference values at each age compared with the children from the BSI survey, and this was significant for both sexes (Po0.05). Percentage differences in waist circumference values between cohorts were greater at every age for the girls compared with the boys. In the CIF cohort, there was no significant difference in mean waist circumference between boys and girls. However, the mean waist circumference of the boys was significantly higher than that of the girls at ages 3, 4 and 5 y in the BSI cohort. Table 2 shows the height of the CIF cohort at each measurement point. Over the period of 2.5 y, the mean increase in height was 18.7 cm. Table 3 shows the descriptive statistics for BMI for the BSI children aged 2-5 y measured cross-sectionally in 1987 and for the CIF children aged 2-5 y measured longitudinally between 1995 and 1997. Both the mean and median BMI decreased with age in both studies. The CIF cohort had the greater BMI values at each age and this was statistically significant (Po0.05) in both sexes at every age except for boys aged 5 y. Percentage differences for BMI between the study means at each age were lower than those obtained for waist circumference.
Discussion
The findings from this study showed that both mean and median waist circumferences from the CIF cohort were large in comparison to the BSI data collected up to 10 y earlier in each individual age group. This is despite the fact that for the two older age groups (4-and 5-y-olds), the mean age of the CIF children was approximately 6 months younger than the mean age of the BSI children. Although the largest waist circumference measurements in each age group were found among boys in the CIF cohort, the greatest increases in waist circumference between the BSI and CIF surveys were found among the girls. This suggests that over the time period from Waist circumferences in children HD McCarthy et al and that the increase has been slightly greater for girls than boys. This is despite only a modest increase in BMI over the same period of time, suggesting that in the years following the BSI survey, the proportion of fat deposited centrally rather than peripherally has increased. The BMI of both boys and girls in both surveys decreased between the ages of 2 and 5 y. This is a normal phenomenon that has been observed in other surveys of children of this age. 23 It reflects the fact that between these ages there is a relatively greater increase in height than in weight. However, there was an increase in waist circumference during this period, despite the fall in BMI, with some of this increase probably accounted for by increases in central fat deposition. This phase of growth therefore could be a critical period where there is a risk for excess fat to be deposited centrally. It is conceivable that systematic measurement error or methodological differences may have contributed to the differences between the two surveys. However, in both surveys, the site of the waist measurement was defined identically. Furthermore, the CV for repeated waist measurements in the CIF survey was only 2%, and with a low reported technical error of waist measurement from other studies 24 and low intra-and interobserver error (KV Jarrett and HD McCarthy, unpublished) and adjustment for clothing, it is likely that the increases in waist circumference are genuine.
The BSI data were collected from a national sample, whereas the CIF data were all obtained from children living in the southwest of England. It could be argued that the differences in waist circumferences between the two studies merely reflected regional variation. However, it appears unlikely that regional variation could account for such large differences. The National Diet and Nutrition Survey (NDNS) on children aged 1 1 2 to 4 1 2 y did not demonstrate important variation in obesity prevalence or BMI by region in the UK, hence it would seem unlikely that central adiposity would have a significant regional variation. 25 Additionally, the potential impact of social class differences between cohorts should not be overlooked. Although it was not possible to characterize SES of the children in the BSI survey, SES of those in the CIF tended to be slightly higher than the general population. This would have tended to reduce the significance of our results, as childhood obesity was negatively associated with SES in the ALSPAC population (unpublished data). In the NDNS of children aged 1 1 2 -4 1 2 y, there was no impact of social class on BMI in boys, whereas for girls, BMI was significantly greater for those from a manual background. Waist circumference was not examined in that survey. 25 Unlike waist circumference, BMI at each age increased only slightly between the BSI and CIF surveys. This observation is in line with the results of two recent studies, which have shown secular increases in BMI and obesity in These findings have highlighted the shortcomings of using a weight:height ratio such as BMI to assess and define overweight and obesity. Firstly, although BMI is used as a proxy for total adiposity, it gives no information on fat distribution, which is related to cardiovascular risk factors. Secondly, its use does not readily distinguish secular trends in fat mass from secular trends in fat-free mass and can obscure trends in obesity prevalence. 10 As a result, a definition of obesity based on BMI might classify children with large central fat deposits as normal, which may explain the known poor sensitivity of BMI.
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Using the waist circumference measurement as an additional tool to detect obesity in children might help to reduce this misclassification. Indeed, a recent study demonstrated that waist circumference performed significantly better as an index of trunk fat mass than did either the waist to hip ratio or the conicity index, with the latter being a composite of weight, height and waist circumference incorporated into a predictive equation. Waist circumference alone identified the highest proportion of children and adolescents with a high trunk fat mass, while it also minimized the misclassification of individual children. 27 This is a strong argument for the use of waist circumference to identify and classify overweight and obesity in children, and we have recently proposed that waist circumference measurements could be used as an additional or even alternative index for obesity assessment in children. 28 Indeed, in the UK and certain other countries, waist circumference percentile charts have been developed for this purpose. [28] [29] [30] [31] Dietary surveys have generally indicated a decline in energy intake in children in the UK over the last few decades. 25, 32 Dietary intakes in the CIF group were assessed repeatedly by 3-day food diary and mean energy intakes in boys and girls respectively were 4.77 and 4. 35 and energy intakes of 6.04 MJ observed in a 1950 survey of 4-y-olds. 36 The paradoxical increase in waist circumference over a time period when energy intakes have been falling would suggest a decline in energy expenditure via physical activity as a primary cause. If this is the case, then it is possible that low levels of physical activity may be linked specifically to increases in central fat rather than total body fat. Further studies are needed to clarify the relationship between physical activity levels, central adiposity and dietary intakes in children. This could be resolved using the children from ALSPAC. However, this avenue of research is constrained by a lack of information on secular trends in physical activity levels in children in the UK. One limitation of this study is that neither cohort fully represented the mix of ethnic groups within the British population. Ethnic differences in fat patterning in children have been reported. 15 Therefore, further waist circumference data need to be collected from all groups within the UK to enable the development of growth standards that are appropriate for children from all ethnic backgrounds.
In conclusion, although British children are getting heavier, they also appear to be depositing more fat centrally. This is of concern, as central adiposity is associated with raised levels of cardiovascular risk factors in childhood, adolescence and adulthood. These findings should urge health-care agencies and schools to continue to work vigorously towards promoting healthier lifestyles, including increased physical activity particularly for young children.
